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ABSTRACT 


A three-strut wind-tunnel model support system was 
репа used with an electrical balance in the 3.5 by 5.0 
foot Department of Aeronautics low-speed wind tunnel. The 
traditional method of image systems and alternate inverted 
mounting for the evaluation of aerodynamic tares was 
considered impractical for implementation in the small sized 
tunnel. The design and installation of an alternate model 
Support system using a centerplate mount was accomplished. 
An aerodynamic evaluation for comparing the two model mounting 
concepts was performed via experiments with a single 
calibration wing. Additionally, these experiments were the 
first operational exercise of a recently developed micro- 


processor data acquisition system. 
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1. INTRODUCTION 


The Department of Aeronautics at the Naval Postgraduate 
School (NPS) has seen limited low-speed wind-tunnel work in 
Бем its curricula or student research over the past 
several years despite housing several fine low-speed tunnels. 
The tunnel of primary interest was built to NPS specifications 
and design by West Coast Research. It offers an octagonal 
ШЕСІ section with 3.5 by 5.0 foot measurements and a maximum 
tunnel operating dynamic pressure (Q) of approximately 100 psf 
from its two-stage fan section. Although it is an excellent 
small tunnel, several factors have limited its use; 

Oe back or modern, electronic balance capable of 
supplying analog voltage signals, 

ШІ back of a data acquisition system to convert analog 
voltage into convenient digital form, 

(3) Lack of a potential computer program for the 
pp UIation of wall correction factors for an arbitrary wing 
configuration, and 

(4) Lack of a flexible mounting system that would ease 
model construction, allow rapid model or configuration 
changes, and enable measurement of aerodynamic tares. 

Recently, an improvement program has been initiated to 
77566 спе limiting factors with the objective of producing 


an integrated tunnel system. Work documented by Concannon in 





Ref. ] has removed factor one. Current work by Casko, Ref. 2, 
and Heard, Ref. 3, is projected to remove factors two and 
Miree, respectively. This thesis is a design study for a 
solution to factor four, namely, the development of an 
improved model mounting system. It is important to note the 
balance system lends itself to three-component longitudinal 
airframe data, only. Downstream planning is needed to acquire 
a full six-component balance facility capable of yielding 
aerodynamic information at both angle of attack and sideslip. 
Мор ето Of the integrated system should provide а 
modern, highly automated tunnel system, readily adaptable to 
Various demands and capable of generating accurate airframe 


data suitable for engineering analysis. 





ІІ. MOUNT DESIGN CONSIDERATIONS 


А. THREE-STRUT MOUNT PROBLEM AREAS 

The three-strut mount has traditionally found great 
favor in low-speed wind tunnels for testing conventionally 
configured, nonaeroelastic models. AS seen in figure |, 
the three-strut mount consists of two main struts supporting 
the wing at two wing station attachment points, and a third 
meee attached to an aft tail sting. This type of mount is 
sufficiently rigid and offers ease of angle of attack 
ВЕ ато, аз pointed out on pg. 149 in Ref. 4. For larger 
low-speed tunnels, drag tare and interference evaluation is 
possible; however, the three-strut model support system is 
quite complex in this regard. Small tunnel size compounds 
the problem and most academic tunnels forego the evaluation 
of aerodynamic tares. 

Exposed struts contribute a drag tare and/or a pitching 
sent variation in the case of the aft strut. Partial 
compensation is possible through the use of strut fairings 
or windshields over some of the exposed struts. Strut to 
fairing interference, though present, is usually negligible 
in small tunnels. A more serious БОО ста се effect is 
that of the wing strut and fairing on the wing, inducing 


unknown flow disturbances onto the wing's flow field. 





Figure 1. Three-strut 
mount- and- Calibration 
wing. 
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migure 2. Wing attach 
point detail. 








Techniques for the evaluation of this effect are documented 
in the literature and utilize a procedure involving an image 
system and alternate inverted mounting; cf, pp. 175-180, 

Ref. 4. Figure 2 depicts the requirement for extremely fine 
image detail and model hardware to facilitate this scheme. 
The investment in time and detail is usually by-passed in 
small Ме of the small absolute size of the 
correction sought and the inherent resolution of the balance 
system employed. The third strut varies the angle of attack, 
and it is reasonable to assume that an unfaired strut will 
contribute drag and pitching moment tares as a function of 
angle of attack. Elaborate, variable fairings have been 
devised to keep the exposed portion of the aft strut constant 
in some large tunnels, but aft struts are generally unfaired 
in small tunnels. Additionally, wing attachment points 
preclude model experiments for investigating aeroelastic 
effects. A mounting system which would relax the above 
restrictions within the limitations of the tunnel balance and 


test section area was required. 


В. MODIFIED TASK אה‎ 1 BACE LIMITATIONS 

The Department of Aeronautics acquired a Task Corporation 
МЕ І balance in 1958. The balance was a standard, three- 
component beam balance capable of lift, drag and pitching 
moment measurements. In Ref. 1 Concannon describes modifica- 


tions made to the balance to provide electrical strain gage 
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Где lelt side 


modified Task MK I 
balance. 
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Figure 4. Right side, 
modified Task MK I 
balance. 
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outputs, thereby upgrading its potential as an element of a 
modern data acquisition system. Figures 3 and 4 show the 
Task balance in its modified configuration. 

Adoption of strain gage measurement imposes linear 


response load ranges. Concannon selected these ranges as; 


| + 


US ES 


| + 


Loos. in drag, and 


| 


ОЕЕО ОТИ Е спота тошеп 
These values were taken as the expected maximum working loads 
Bon the proposed mount. 

Figure 4 depicts the large cross beam for main strut 
support and a small aft lever arm for varying angle of attack 
via a tail strut. As would be supposed, the balance was 
designed for a three-strut mount shown previously in figure 1. 
The provisions for main beam support and aft angle of attack 
drive had to be incorporated in the proposed design. 

The balance is also configured so that the geometry of 
a parallelogram had to be established and maintained for 
constant one-to-one angle of attack tracking. Figure 5 
depicts the relationship between the lever arm pivot, main 
mounnion and aft pins. This was a primary consideration for 


the design of an alternate mount. 
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Figure 5. Balance parallelogram geometry. 








о ПЕР ЕО HII ATIONS ON MODEL SIZE 

The primary NPS low-speed tunnel offers a 3.5 by 5.0 
foot test section with 20-inch fillets forming an octagonal 
cross-section as seen in figure 6. The main limitations 
imposed by test section size are the model Span and a trade- 
off between tail/canard moment arm and geometric angle of 
attack. The general rule of thumb for span is that it should 
be no more than 80% of the test section width. This yields 
a maximum span of four feet with six-inch tip clearance. 
Maximum moment arm is a function of maximum angle of attack 
and the allowable proximity of the tail or canard to a tunnel 
DENEN ^ minimum six-inch clearance for the tail A.C. at 
maximum angle of attack was assumed for design purposes. The 
reason for the clearance requirement is the breakdown of 
potentially derived or empirically estimated wall corrections 
in the turbulent boundary layer. 

A span of four feet and an aspect ratio of six yields a 
Aira ot 0.6/7 feet for a straignt untapered wing. At 
Шага sea level conditions and a Q of 60 psf, a Reynolds 
number of 950,000 resulted. Maximum tunnel Q, 100 psf, would 
only increase the Reynolds number to 1,250,000. These Reynolds 
number values are low for testing in the turbulent regime 
without some form of boundary layer tripping. Small aspect 
ratios and larger chords for the four-foot span would improve 
the situation, but low Reynolds numbers still represent a 


penalty innerent in small tunnels. For this reason tunnels 
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of the 3.5 by 5.0 foot size represent those used primarily 
for academic purposes or for work where Reynolds number 
milling is of lesser importance. 

Test section size also affects the amount of deviation 
from the centerline that is negligible, and the allowable 
Ed blockage by the mount. ОТ course, it is best to keep 
both to a ו‎ but they are generally not driving | 
concerns, providing tunnel flow calibrations are accurate and 


the velocity profile is well developed and uniform. 


D. ALTERNATE MOUNT PROPOSALS 

Several mount configurations were proposed as solutions 
to the problem outlined in part A and the compatibility 
Somocraints listed in parts B and C. Balance limitation to 
three-component measurements considerably eased the problem 
EuNEchqgeving sufficient lateral-directional rigidity. 
Minimum mount complexity and interference with the primary 
aerodynamic surfaces was sought. These goals indicated a 
mewucetion in the number of struts, removal of the attach 
points from the wing and a design that could be adapted to 
the measurement of aerodynamic tares. Candidate proposals 
then included the single strut, tandem struts, centerplate 
and tail sting mounts. 

The single strut mount is the simplest and keeps inter- 
merence to a minimum but 1S weak 1n torsion and concentrates 


the stresses at a single attach point under the fuselage of 
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a model. A fairly large strut width is required to provide 
sufficient rigidity and reasonable stress levels at design 
loads. 

The tandem strut arrangement appeared to add no benefits 
at the cost of added complexity, but again, interference 
would be near minimum. 

The centerplate mount represented what could be con- 
maered a continuous compromise of. the previous two mount 
proposals. It would require only a single fairing, and the 
piste could fit in a slot along the under side of a model's 
muselage. It seemed apparent that this mount would distribute 
the attachment forces more evenly, and that the detail of 
single point attachment would be eliminated. Width was traded 
for length, and the question of interference increase remained 
to be answered. 

Tail sting mounting was the final consideration. 

Although it offered the least interference and nil blockage, 
the mount is optimized for single jet models in a high-speed 
tunnel. Limited angle of attack variation was another 
constraint of this type. A more complex adaptation for angle 
of attack drive would also be required. 

Centerplate mounting appeared the most promising, and it 
was felt that the questioned increase in interference over the 
Single strut mount would be negligible, if any. This approach 
was selected, and further design considerations are addressed 


in subsequent sections. 
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НТ ТТР ЕЕ СА 


А. КЕШЕР ШЕ ШВА ТОН АЕ ГОРЕ 5 

After selection of the centerplate as the most promising 
design, several immediate engineering decisions were required 
to fix mount geometry. Since the mount would be expected to 
test a wide variety of models and wing types, a -15? to plus 
+30° angle of attack range was arbitrarily selected. The 
location of the plate trunnion about which the plate would 
describe a circular arc was a primary consideration. Selec- 
tion of the arc radius with the plate at zero angle of attack 
NEES tne trunnion location vertically below the test section 
centerline. Further considerations on this radius length 
were the tail-to-wall proximity at maximum angle of attack 
for a representative tail moment arm, 25 inches assumed, and 
the amount of fairing blockage required to shield the main 
support. Minimum radius length improves the former but 1s 
se for the latter. Аз stated previously, a minimum wal! 
clearance of six inches for all aerodynamic surfaces was 
m red, A smal! radius also favors minimum deviation from 
meer section centerline, but then incurs the possibility of 
interference by the proximity of the fairing. The trade-off 
considerations are depicted in figure 7. 

КОЛ о оно а го Шен алате ем as a function of arc 
radius were constructed and an engineering judgment on a 


14-inch radius was made. 
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The basic mount geometry was thus fixed. Рог ап А.С. 
on the test section centerltne and balance focal point when 
ВУ, its vertical deviation is -0.48 inches and the 
E tudinal deviation îs + 3.62 inches for a = + 15°. The 
maximum vertical deviation is -1.88 inches and the maximum 
longitudinal deviations are +3.62 inches forward/-7.00 inches 
mee respectively for the design condition a = -15°, 4302, 
femeica] deviation in the +15° case is 1.1% of tunnel height 
| 003.55 for the maximum +30° condition. It should be noted 
that the vertical displacement represents the only increase 
of tail/canard proximity compared to a three-strut mount 
pivoting about an axis through the centerline. These were 
considered acceptable for well developed, tunnel flow profiles. 
By mounting the wing above the plate's upper surface, maximum 
deviation of the A.C. can be reduced since the total variation 
could be made to center about the test section centerline in 
Eon to the option of providing a desired design mode! 
angle condition on the test section centerline. 

Plate length was selected as twenty inches, ten inches 
on each side of the vertical centerline when the plate is at 
а = 09. This represented a trade-off between model fuselage 
slot length, fairing length and lateral-directional rigidity. 
A fuselage spar was predicted to give added directional 
rigidity, and so a sizeable 20-inch width was selected to 


improve its torstonal bending resistance for a given thickness. 





B. MOUNT CONSTRUCTION FEATURES 

Having fixed centerplate geometry, the detailed design 
work remained. Simplicity, strength and rigidity were the 
primary design goals. A design safety factor of ten over 
meld for the most critical combination of maximum working 
Moads Outlined in section II, part B, indicates the emphasis 
on eliminating structural deformations. 

A single stainless steel support with a vertical fork 
to accept the centerplate was adopted. A one-half inch 
diameter steel trunnion pin installed with an interference 
fit to the aluminum centerplate was supported in journal 
bearings of the flanking doublers. Plate thickness was 
Selected as three-eighths inch, with twin three-sixteenth 
inch doublers below the level of the fairing. 

The left fork of the main support was designed to be 
removable for initial installation of the centerplate 
assembly and for later adaptation or modification as desired. 
The plate was attached with four 1/4 - 20 cap screws and 
trued by two alignment pins. 

The main support was directly attached to the Task 
balance by 1/4 - 20 cap screws and a backing plate. The 
bottom of the support was submerged five inches below the 
level of the tunnel floor. The remainder of the support 
and lower third of the centerplate incorporated a fairing 


Tar-smooch flow and minimal interference. 





The fairing consists of wooden, contoured leading and 
trailing edges, an angle frame of aluminum and two removable 
aluminum side plates. Close attention was paid to fairing 
aerodynamics to minimize cross flow separation at the leading 
edge and adverse pressure gradient separation at the trailing 
edge. A slot was milled into the upper cap to allow approxi- 
mately one-sixteentn inch clearance for the centerplate. The 
entire fairing was to be mounted on a three-quarter inch 
plywood tunnel floor. The old flooring was retained to 
accommodate the original three-strut mount, if some unforeseen 
aUn rement for it should arise. The fairing was 12.5 inches 
high with a cross-section of 27.45 square inches. This 
represents a blockage factor of 1.31% for the tunnel test 
Salon. The resulting blockage appeared to be acceptable, 
and a tunnel Q calibration was performed with plate fairing 
installed. 

The angle of attack was varied by a strut attached to 
the aft end of the centerplate and submerged under the 
fairing. An adjustable turnbuckle was incorporated to provide 
precise parallelogram alignment for proper angle of attack 
adcking. 

The entire mount was fabricated to the specification of 
the author by the craftsmen of the Department of Aeronautics 
model shop from readily available materials. Critical part 


tolerance met or exceeded 0.002 inches. 





2 TUNNEL INTEGRATION 

The original three-strut mount was removed after the 
collection of baseline data. The three-quarter inch plywood 
flooring was removed to keep the three-strut system intact. 
Then, the main support was checked on the main beam of the 
balance to insure correct fit. A new one-piece plywood floor 
was fabricated and mated to the test section framework. The 
fairing was then fastened along the test section centerline. 
The fairing sides were removed, and the centerplate was 
installed (see figure 8). The aft strut was adjusted, and 
the angle of attack was trued. The angle of attack was 
checked by a precision inclinometer throughout the design 
range of the mount, and found to be accurate within one 
second of arc. Concurrently, a check was made to ensure 
por Clearances of the plate, main support and aft strut. 
Rolling moments were applied to the plate to ensure minimal 
torsional deflection and to confirm that plate and fairing 
slot interference would not occur. An interference light 
was rigged with a series circuit between the balance and 
fairing. Subsequent runs indicated no fairing interference 
and that torsional rigidity was not a factor at the highest 
Q tested for a representative wing, 50 psf. Some minor 
alterations to the fairing framework were made to improve 
access to the main support side plate, but no major problems 


were encountered in the installation phase. 
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Figure 8. View of 
centerplate 
installation 


2 


РА 
А 


a 2. ; И ДУ, Ў AED // 
% б 
“Огу ма > 





Ж 
% 





IEEE 
EEE ; Z OR BR 5 


לי 
2 
REN‏ 2 
לי 
ה 
Stas‏ < ,25% 
A‏ 2 


Aure 9, Q calibration 
testing. 


ИИ 
I p AD 
% ge 


د ر 





an 





Once installed, a dynamic pressure calibration was 
performed to account for the revised tunnel configuration, 
including the centerplate fairing (see figure 9). The 
procedure was to take readings of a shrouded total pressure, 
020 ring static pressure, and a pitot-static tube which 
included total Q and static pressure measured over the 
fairing on the tunnel centerline. The first two pressure 


sources combine to yield a reference Q, Q while the last 


гет” 
two pressures establish the Q to be calibrated, 0 


сае 
Initially, an attempt to measure these values was made 
with a scanivalve; however, tunnel turbulence and the time 
delay of manual switching between data channels produced 
widely scattered data. At this point the power of the data 
acquisition system was utilized, and it was reprogrammed to 
scan each pressure transducer 128 times during a two-second 
time frame and numerically average the sample readings. The 
resulting scatter was noticeably reduced. Further refine- 
ment of the Q readings was made by incorporation of the 
EM nic pitot-static correction for compressibility effects 
[Ref. 5]. For Q's available to the low-speed tunnel, errors 
on the order of 1.02 could occur if the Mach correction were 


окей into account. А summary of this Q correction is 


puesented in figure 10. 
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During the time period when the plate mount system was 
being fabricated, experiments were initiated to provide 
baseline data sultable for verification of the plate mount 
concept using an existing calibration wing. An added goal 
of the test sequence was the proof testing under actual 
laboratory conditions of the microprocessor oriented data 
acquisition system developed independently by Casko (Ref. 2). 
тла! testing, after modification of the Task MK I balance, 
indicated that inaccuracies were present due to the unavail- 
ability of the aerodynamic tares and the interference 
inherent when testing with a three-strut model support 
System. The accurately constructed calibration wing, which 
was available for the three-strut mount tests (see Figure 1), 
was subsequently adapted for comparable experiments upon 


the plate mounting system. 


A. PRELIMINARY PREPARATION 

The signal conditioning amplifiers used by Concannon 
(Ref. 1) when acquiring his reported strain gage calibrations 
were rebuilt by the Department of Aeronautics for the express 
purpose of making possible improved electronic interfacing 
with the new data acquisition system. Therefore, a more 
Вел сег о: Calibration matrix constants had to be deter- 


mined. This was performed with a static loading frame and 


AA 





calibration weights on the three-strut mounting system while 
installed in the tunnel test section. Following procedures 
outlined by Concannon in Ref. 1, the balance was calibrated 
moemresoive lift force, drag force and pitching moment rela- 
tive to a lateral axis through the intersection of the main 
קוה‎ trunnion axis and the vertical centerline of the 

balance cross beam. It is important to note that the 

accurate resolution of forces and moments about this axis 

(the virtual center or focal point of the balance) is 
independent of the type of support mount used, and any offset 
of a desired model reference point requires a moment transfer. 
Пишек са] values for the correlated reduction matrix constants 
may be found in Appendix A. 

It should also be noted that the first stage fan blades 
were removed from the tunnel for refurbishing prior to the 
course of these experiments, which in turn effectively limited 
the tunnel test section operating dynamic pressure (Q) to 
approximately 55 pounds per square foot (psf). No advantage 
was seen in pushing the single stage fan to its limit, hence 
a dynamic pressure range of 20 to 40 psf was selected for test 


purposes. 


Dr. DESCRIPTION OF CALIBRATION WING 

The calibration wing available for the experiment had 
a modified NACA 63-010 airfoil, constant over a three-foot 
span. The wing was without taper or twist, апа һай а 51х- 


inch chord. The rectangular wing tip sections were adapted 
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mom NACA 63-015 contours. The wing attached to the main 
struts of the three-point mount at two wing trunnions 
located six inches on either side of the longitudinal axis, 
and coincident with the quarter-chord line. A thin steel 
sting attached to the wing spar and trailed aft to the tail 
SUE pin attachment point. Sting width in the airfoil 
meron was 0.50 inches, and it was filleted to 0.25 inches 
mom the wing trailing edge to the aft tail strut clevis pin 
гедтоп. The sting moment arm for the three-strut mount was 


ОО inches.‏ ו 


om MERECE- TRUT MOUNTING SYSTEM EXPERIMENTS 

The objective of the three-strut mount experiments was 
to document accurately the performance of the calibration 
wing upon this type of support system without aerodynamic 
tare estimations being applied. The main struts were care- 
uM faired by individual windshields to within 
Eumoximately four inches of the wing surface. The aft 
(tail) strut was unfaired. 

Wind-off weight tares for the aforementioned configura- 
tion were recorded through the angle of attack test range of 
-6.0 to +14.0 degrees by one degree increments. The tunnel 
Q was set to approximately 40 psf, and uncorrected aerodynamic 
data were recorded as printout on an ASR-33 Teletype unit. 
It should be noted that each printed row of information 


included five channels of data at a particular angle of 


25 





attack condition, including a numerically averaged Q value 
obtained during that two-second sampling period. This 
feature of the data acquisition system eliminated the neces- 
sity for precise tunnel dynamic pressure management. 

After several days had transpired, the above data 
collection procedure was duplicated in its entirety to verify 
the repeatability of the system. Additional data for test 
шп а 0 values of 20 and 30 psf were also collected. Each 
pitch-pause polar run required about eight minutes for 


meoroximately 30 individual angle of attack settings. 


p. ADAPTATION OF CALIBRATION WING 

fie calibration wing was originally designed for a 
three-strut support system. The wing attachment points had 
approximately two-inch square, contoured cover plates on 
both upper and lower surfaces (see figure 2). These were 
faired in with modeling clay and smoothed. The wing also 
had a one-half inch channel to accept the tail sting. 

The forward section of the tail sting was duplicated 
to adapt the wing, but sufficient steel material was retained 
on the underside of the adaptor to allow the milling of a 
plate attachment slot. The centerplate was secured in this 
slot by two 1/4-20 cap screws. Two additional cap screws 
were inserted vertically through the adaptor and wing spar to 
fasten into tapped holes on the plate's upper surface. The 


wing adaptor was designed to position the wing quarter-chord 





on the plate's vertical centerline, which aligned with the 
mance focal! point at zero angle of attack. This feature 
was provided for geometrical simplifications in the moment 
transfer equations, as outlined in Appendix B. 

A slender, bullet-shaped body fairing was incorporated 
"sure minimal flow disruption at the wing root. The 
ТНУ was constructed with смо separate wooden center 
sections. One center section was solid (without wing 
cutouts) to provide a smooth fairing during wing-off weight 
and aerodynamic tare evaluations (see Figure 11). The other 
center section was contoured to accept the wing adaptor and 
wing panel (see Figure 12). Both fairings were fastened to 
either plate or wing adaptor by cap screws. Careful atten- 
ШЕП О tolerance details provided a close fit of the fairing 
to wing and plate and enhanced the torsional rigidity of 
the wing root, inasmuch as the actual wing spar details 
allowed only a one-half inch wide steel adaptor. 

The fairing was kept as small as possible, and the 
two-inch fairing diameter represented 5.56 percent of the 
wing's three foot span. The small relative size of the body 
fairing provided an intuitive feeling that wing lift carry- 
over in the fairing area would be quite reasonable. 

An approximate stress analysis was performed for wing 
root bending of the aluminum wing spar. А 40 percent margin 
over yield was estimated for design loads at Q = 60 psf. 
This seemed reasonable, since maximum test Q was selected 


as 40 psf. 





Figure 11. Centerplate 
and bullet fairing, 
wing-off. 
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Figure 12. Centerplate. 
and bullet fairing, 
wing-on. 





Е. CENTERPLATE MOUNTING SYSTEM EXPERIMENTS 

The objective of the centerplate mount experiments was 
to document accurately the performance of the modified 
calibration wing when installed on the plate mount, including 
estimates of the aerodynamic tares for the wing-off configu- 
Ron. With this information, a quantitative comparison 
between both support systems could be made with reasonable 
@ertainty. 

Meter the centerplate (described in Section III C) was 
installed, the body fairing was fastened onto the upper edge 
of the plate and wind-off weight tares were taken (see 
Section IV C). Wind-on runs were then conducted for Q values 
oreo, 30 and 20 psf, respectively. 

The body fairing was removed from the tunnel, the wing- 
on center section was fitted, and then the entire wing-body 
assembly was reinstalled onto the plate support in the tunnel 
test section. A complete repetition of the previous wing-off 
steps was then performed. 

Incorporation of tares for both wing-off/on cases was 
accomplished by means of computer programs presented in a 


following section. 


ро THEORETICALLY EXPECTED RESUETS 
Independent of mounting considerations, one should have 
an engineering feel for the expected results of a finite wing 


with a symmetrical airfoil. Section data on NACA 63-010 and 





meen 53-009 airfoils (Ref. 6) were the basis for approximate 
estimates of the ideal, free-air behavior of the calibration 
wing. The lift curve, drag polar and pitching moment curve 
will be reviewed in that order. 

The referenced section data indicated a linear section 
iuc curve slope of approximately 0.10 deg! . Correction For 
a wing aspect ratio of six yielded a three-dimensional lift 


] 


curve slope on the order of 0.073 deg (Ref. 7). Of course, 


a finite wing's к. will occur at an angle of attack several 
degrees higher than the 10 degree value observed in the 
sectional data. However, approximately the same maximum lift 
coefficient would be expected for both two- and three- 
dimensional wing cases when operated with approximately the 
same Reynolds number values. Further inspection of symmetri- 
cal airfoil behavior indicates a lift curve symmetric about 
the origin with a zero lift angle (а) of zero. 

Mei drag polar (plot of C, VS. Cp) 1S або Symmetric, 
but about the coefficient of drag axis with a zero lift drag 
(с, ) value of approximately 0.008 (80 drag counts). The 
Co Mies of both the two- and three-dimensional wing cases 
should be identical, since induced drag is not a factor at 
zero lift for an untwisted and uncambered wing. Note that 


the Co estimate of 0.008 was based for a model with standard 


О 
roughness, and no drag-bucket phenomenon (characteristic of 


laminar flow airfoils) was expected. 





As a check on the magnitude of the drag tares for the 
Бенсегкріасе апа fairing, an estimate of the turbulent skin 
friction drag at Q = 40 psf in sea-level conditions was 
performed. 

Plate Reynolds number: 


У о Еее’ fo) 
о 0.000158 ft^/sec 


Body fairing Reynolds number: 


(Ry) = 1.94х106*(2-67 ТЕ) = 3 10х106 
N Fairing ее, 


If the entire plate were in turbulent flow, then skin- 


сотой drag would be: 


D. ב‎ ух суо 


f 
p 


where 


2 -2.58 
C. = 0.455 x (logy Ry) 


Hence D, = 2 x (40 psf)(1.18 ft^)(0.00396) - 0.374 1b 


p 


[f the entire body fairing were in turbulent flow, then: 


D, - 1x (40 psf) (1.40 ft^)(0.00379) - 0.212 1b 
F 


where Sr = cylindrical approximation to body fairing wetted 


areal Total drag then becomes: 


D+ = D + De - 0.586 lb 
p ₪ 





And the drag coefficient, referenced to wing area, would be: 


Вт _ 0.586 1b 
DT Qs ӘРИ ТТІ 


5 

The turbulent flow approximation was assumed based upon the 
observation that the leading edge of the centerplate had a 
0.030-inch bluntness for safety and ease of fabrication, 
while the plate surface was smooth but unpolished for the 
experiment. 


Wing-alone stability as measured by the slope dC Дар 


Ме уд Е 
provides a direct indication of the wing aerodynamic center 


location. The slope would be zero if the aerodynamic center 
were ]ocated at the wing quarter-MAC location. Additionally, 
the symmetry of the airfoil would lead one to expect a zero 


value of Cu. ав лого left: 4.89: Cm = 0. 
c/ 4 О 





КИИ СОЕ ЕН ОЕ ОЧКО DATA 


A summary of all the wind tunnel runs performed in 
conjunction with this study are listed in Table 1. Corrected 
aerodynamic data for the runs at Q = 40, 30, and 20 psf are 
presented in that order. Each tabulated run in this section 
represents reduced data for 27 geometric angle of attack 
conditions. The geometric angle of attack was varied from 
minus six degrees to plus fourteen degrees in one degree 
increments. As a repeatability check within each run, the 
angle of attack was then returned to plus six degrees and 
reduced in two degree increments to minus four degrees. The 
data presented for each geometric angle of attack condition 


were the aerodynamic angle of attac kea; Сү, Е апа С 


р? Mc/4° 
The three-strut configuration data are corrected only for 
weight tares. Centerplate configuration data are corrected 
for aerodynamic tares as well as weight tares, and tables of 
the reduced aerodynamic tare coefficients are presented 
immediately behind their respective run data. 

Three-strut run 051501 and centerplate run 052703 at 
Q = 40 psf were selected as the most representative because 
of the higher nominal Q and subsequent removal of any possible 
WN of balance resolution. Plots of C, VS. Q, Cg and 


Сме/4 were constructed for these data and immediately precede 


ЛЕ Саре for their respective runs. The plots of run 051501 


4,3 





Meme reproduced on the plots for run 052703 to facilitate 
a direct comparison of calibration wing performance on each 
mounting system. 

The reduction programs and storage records are presented 
in later sections of this report. The raw data are displayed 
in Appendix C. 

Reference is not included on Reynolds number since the 
runs were made in virtually identical conditions and no 


Aling correlations were attempted. 





Table I 


Wind-Tunnel Run Log 


DATE RUN # NOMINAL Q PURPOSE 
(psf) 
255-77 ШЕИ 0 Weight tare, calibration 
wing on three-strut mount 
2 051507 40 Data for C, М9 95 Co» Сме/д 
5-5 - 7 9530577 0 Weight tare, calibration 
wing on three-strut mount 
| 051801 40 Data for С, vs a Cy» Сме/д 
a 051.302 30 | | 
К 051.803 20 И - 
5-24-77 --- 8-58 Q calibration, plate fairing 
in clear tunnel 
5-26-77 O52577 0 Weight tare, plate plus 
fairing, wing-off 
у 052601 20 Aerodynamic tares for Cy > 
Ср» Сме/4 
Ë 052602 40 i у 
ү 052603 30 1 ч 
5-27-77 05277 0 WE ONE Tare plate plus 


Fairing, wing-on 

> 052700 - 
| 20 Data for C, Vo; Ср Сме/4 

ч 052702 30 0 I 


3 052703 40 " Т 
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Figure 15. Pitching moment curve, three-strut mount. 
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VI. CONCLUSIONS 


A. DATA ANALYSIS 

Comparison of the three-strut mount and centerplate 
mount results was best achieved by inspection of the last 
three plots in the previous section. The lift curve, drag 
polar and pitching moment curve will again be examined in 
order. 

The lift curve data for both runs yields essentially the 
same lift curve slope. The slope value of 0.072 дед 
compares favorably with the theoretical value of approximately 
0.073 deg !. 


The centerplate mount yielded aC of 0.7588 


Lmax 
vice 0.7210 for the three-strut mount. Direct comparison of 
the measured Ca was not possible because the test Reynolds 
numbers were less than those on available published data. 


It is, however, roughly estimated that the C attainable 


Lmax 
would be on the order of 0.8 and so close agreement is 
indicated. Possible cause for the centerplate to exhibit a 


higher C may be attributed to aerodynamically smoothing 


Lmax 
the wing attach points with modelling clay/tape and removal 
of the three-strut interference source. Curve fitting the 
data points for the centerplate case indicates that its curve 
may fall very slightly below the three-strut curve. This 
would yield a very small negative m itercept for a = O If 


the actual trace were lower, a possible cause might be a 


difference in bullet-fairing attitude with the wing-on adapter. 





Inspection of the drag polar illustrated the need for 


accurate aerodynamic tares. The Dmm at C, = O for the 


Ë 
three-strut mount is 0.0250 compared to 0.0083 for the 
aerodynamically corrected centerplate coefficient. This is 
a gross discrepancy, and one which prompted the construction 
of a mount for which aerodynamic tares could be more easily 
acquired. Inspection for the drag tare at the corresponding 
angle of attack for this condition yielded a drag tare 
coefficient of 0.0094, This compares very favorably with the 
estimate of 0.0098 calculated in section IV, part F. Compari- 
son of the centerplate Co value appears favorable with respect 
to section data corrected for aspect ratio, but again a direct 
comparison is not obtainable because of RN mismatch. 

The effect of the unfaired aft strut "disappearing" into 
the floor was exhibited at higher angles of attack. For each 
increasingly higher angle of attack condition, the values of 


the respective Ca's approached each other. Тһе uncompensated 


D 
contribution of the faired struts became small by comparison 


to the large С. measured, and the wetted area of the aft strut 


D 
was reduced. When C, is plotted vs. Co» this effect showed up 
as a tendency toward vertical stacking of the data points 
from both cases at the higher С $. 

Finally, inspection of the pitching moment curve reveals 
several notable discrepancies for the three-strut case, run 


051501. The pronounced slope of the linear range indicates 


that the quarter chord point is aft of the actual aerodynamic 





center location. Cause for this would be the detail accuracy 
required for a chord of 0.5 feet. An error of only a few 
hundredths of an inch readily shows up. The displacement of 
the curve to the right indicates the uncorrected interference 
effects of the three-strut mount, and possibly to a lesser 
extent, unavoidable limits on airfoil uniformity at this 
small scale. The airfoil is nominally accurate in contour to 
D" inches to the quarter Chord point and to 0.003 inches 
thereafter. The centerplate plot of run 052703 showed that 
marked improvement was available with aerodynamic tares. The 
relatively large scatter exhibited by the data points was 
attributed to the small scale and working close to the limits 
of the balance resolution. 

Possible biasing was also noted for the centerplate 
pitching moment case, in that the repeatability check points 
predominantly fall to the right for each Q tested. Attempts 
at localizing this within the data were not conclusive, and 
the need for additional data points would be indicated for 
work in which a precise pitching moment was required. 


Resolution of C inferred by the 27 data points of the 


Mc/4 
presented runs is on the order of 0.005. The pitching moment 
curve for the centerplate mount does, however, show a consider- 
able improvement over the three-strut mount in that it falls 
much closer to zero for its constant range. Also, the slope 


of the faired curve appeared more nearly vertical, indicating 


a better coincidence of the quarter-chord point with the wing 





aerodynamic center. The scatter of the data points somewhat 
tempered this last observation. A possible fix for the 
Scatter may involve a change .of the drag-moment strain gauges 
on the modified balance to improve the conditioning of the 
reduction matrix as mentioned by Concannon in Ref. 1, pg. 59. 
Summarizing, the 'centerplate mount has demonstrated a 
large improvement by incorporating readily attainable aero- 
dynamic tares. The proof of concept experiment displayed 
excellent agreement with theoretical lift curve slope and 
indicated "predictable" tendencies for the drag polar and 
pitching moment curves. Mount flexibility was exhibited by 
readily adapting an existing calibration wing. The accuracy 
improvement available with centerplate mounting, coupled with 
an excellent data system and wall correction program, 
represents a powerful tool for academic endeavors and 


independent research on airframe configurations. 


ER RECOMMENDATIONS 

The single most disturbing hardware problem involved in 
tne study was the scatter of the data points for the pitching 
moment coefficient. While this parameter is among the hardest 
to accurately measure in a small wind tunnel, it is felt that 
the additional effort to change strain gauges may be warranted 
if tunnel utilization improves. The current resolution would 
suffice for any academic use, but the uncertainty may be too 
great for some engineering work requiring a very precise 


pitching moment coefficient. 


AIR 
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The longest current delay in data reduction is the task 
of manually reentering all the raw data into the department's 
HP9830 computer for reduction. The microprocessor data 
acquisition system does have the capability for instant data 
reduction but at the loss of the raw data. It also has a 
Елене paper tape output capability. It is felt that the 
raw data should be retained for system analysis and trouble 
shooting, but that some additional effort be invested toward 
interfacing the punched paper tape as a direct input to a 
software reduction program in one of the available, digital 
computers. 

Further work remains to obtain more complete and current 
tunnel calibrations including pressure distributions and flow 
inclinations. It is also recommended that future studies in 
the tunnel include methods of Reynolds number compensation 
such as boundary layer tripping, since restricted Reynolds 
number capability is an inherent tunnel limitation. 

zx INE TS felt that this study has contributed to 
the practicality of the tunnel and that the Department of 
Aeronautics will see greater utilization of this facility. 1% 
is hoped that the advances in modern tunnel research and 
improved capabilities of this tunnel recommend themselves for 


a larger share of the Department's curricula and research. 





APPENDIX A 
BASIC AERODYNAMIC AND TUNNEL RELATIONS 


A raw data row consists of geometric angle of attack, 
dynamic pressure, and three strain gauge outputs that have 
been numerically averaged during a two second sampling 
interval. The first strain gauge output is directly pro- 
portional to lift. Configuration of the balance mixes the 
drag and moment, consequently, the remaining two strain 
gauges outputs must be resolved by a calibration matrix. 
The elements were determined by static loadings and 
correlation. The calibration matrix to convert gauges 
065 in volts D.C. to lift drag and moment force in Ibs. 


Was 

L -96.154 0 0 qus 
Be 17.500 25.575 | 
n 


M -89.065 -66.070 JG 


B 
The coefficients generated by the reduction programs 


are the non-dimensional coefficients C,, Cp, and Суг/а 


given by the relations: 


С = L/QS 
Cn = D/QS 
Смёуд = Mc/4/QSc 
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C, was assumed as the independent variable and was only 
corrected for aerodynamic tares. Geometric angle of attack, 
and drag were corrected for wall corrections and aerodynamic 
tares. All data was corrected for wind-off dead weight zero 
readings and therefore, only the differential readings due 
to aerodynamic loading were reduced. 

Wall corrections take the following form of those on 
рд. 341, 343 of Ref. 4: 


- + 
“aero ^ ^geom ' 2? 


ugs i ; 
Where Aq = - 53 C, O56102 C, deg. 


~ ~ 


ін 5 Да 2 
Where АС» = 6 = С, = 0.0106 C, 


~ 


S = Wing area, 1.9 ft“ 


~ 


C = Tunnel cross-sectional area, 14.5 rt^ 
ô = Tunnel factor given by Pope on pg. 343 of Ref. 2, 
ות‎ TOT (ле S.2°x99.0 octagonal configuration 
ACh was not utilized since the test was wing alone. 
No tares other than dead weight were available for the 


three-strut mount. Wing-off runs were obtained to provide 


aerodynamic tares for the centerplate mount support situation. 








APPENDIX B 
MOUNT TRANSFER EQUATIONS 


The focal line about which the three component balance 
resolves lift, drag and moment is centered 25.500 inches 
above the main beam and on the centerline of the tunnel test 
section. The three-strut mount wing trunnions are coincident 
with this axis and as long as the wing A.C. was also coinci- 
dent no further corrections would be necessary. Plans of 
the calibration wing indicate that the A.C. was one-tenth 
tnch above the focal axis at zero model angle when on the 
three-strut mount. The simple moment transfer resulted and 


the relation can be seen in figure 19. 


= = 


M Sana at 


“Cosa Co + | 


owls 
cy: |> 


The main trunnion of the centerplate mount is neces- 
sarily below this focal axis and so the aerodynamic forces 
ШЕШ Бе transferred from the model to the focal axis. This 
relation is slightly different since the pivot axis is not 
coincident with the focal axis. Also, the wing is located 
above the upper surface of the centerplate. The equation 


follows and the relation may be seen on figure 20. 


(m= Cow € FOTO = h cosa)C,)/c 


M 


E 








Note that the above equations are in non-dimensional 
form and those on the figures were in dimensional form for 
the purpose of clarity. Dividing the figure equations by 


QSc would yield equivalent non-dimensional relations. 
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Figure 19. Three-strut moment transfer relations. 
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Figure 20. Centerplate moment transfer relations. 
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APPENDIX C 


The following data was logged with a new microprocessor 
data acquisition system. The data variations in format and 
sequence represent a learning curve as familiarity with the 
system increased. Each run consists of a minimum of two 
wind-off zeros and 27 angle of attack conditions. Initial 
dead weight tares were taken at 21 conditions and two zero 
checks, but were later expanded to encompass the six extra 
check point conditions for fully redundant repeatability 
checks. The initial and final wind-off zeros for runs on 
the 18th of May were included in the calculation of each 
run's data.: Thereafter, individual wind-off zeros were 
taken with each run or were repeated as the final and initial 
data rows in consecutive runs. Initial and final wind-on 
data rows for the runs of the 2/th of May were checked for 
consistency and then dropped from reduction as the zero 
point was already redundant within the 27 reduced data rows. 
In initial weight tare runs for which the precise angle of 
attack was not required, the angle of attack values were 
rounded to the nearest integer to speed data entry. Slight 
deviation between raw data and computer storage values only 
reflects HP9830 computer rounding for fixed -4 format and 


not the stored value. 
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Wind-on to wind-off times for the 27 angle of attack 
positions settled to about eight minutes with manual angle 
of attack settings. Programmed microprocessor setting 
promises to reduce this interval by a factor of one half. 

The computer file record of each data group immediately 


follows the respective raw data. 





TABLE XII 


RUN NOs 051501 •• 15 MAY 1977 
3 STRUT SUPPORT CALI Be WING 

READY 

SCAN 

# CH. 0 СН» 1 сн. 2 СН» 3 СН» 
030 -.6007 4. 397 ° S1259 6. 794E- 02 • 4039 
03! -.4986 4. 427 • 4633 8.827 Е-02 • 37 51 
032 -. 3979 4. 405 • 4093 • 1054 • 3544 
033 -. 2978 4. 358 • 359 1 • 1195 2 2329 
034 -• 1966 4.461 • 3135 • 1262 . 3262 
035 -9.753Е-02. 4.507 • 2613 • 1303 . 3159 
036 1213Е-03 4.470 •2111 • 1340 ‚ 3142 
037 • 1016 4.427 • 1585 • 1348 • 3125 
038 • 1970 4. 474 • 1135 • 1321 • 3161 
039 • 2990 4. 510 6» 167Е-02 • 1264 . 3235 
040 • 4006 4• 548 1• 19 6Е- 02 • 1169 . 3347 
044 24994 4-583 - >= US • 1047 • 3528 
042 • 6012 4. 530 -8. 222E-02 8+.364E- 02 34 cT 
043 «7029 4-568 · -. 1358 7. 08 4E-02 » 3289 
044 • 8017 4. 560 -.1777 3720Е- 02 • 4443 
045 • 8985 4.492 -.2082 -1»807Е-02 • 5223 
046 «3999 4. 461 -. 2343 -.1020 . 6419 
047 1.104 4• 38 1 -. 2438 -. 1905 . 7706 
048 1. 7 де 370 - . 2503 =. 2829 «9039 
049 1 • 301 4.400 -. 2479 =. 3637 1-021 
050 1. 400 4. 1 -. 2285 -. 4160 1. О28 
051 • 6013 4. 485 “1. ГЕРЕ- 02 9. 221E-02 . 3690 
052 . 3977 4. 391 2e 206E- O2 • 1200 • 3316 
053 • 2003 4.402 • 1144 . 0 .0 
054 че 32 == 03 2.358 • 2119 • 1366 • 3110 
055 -.1924 4.197 . 3090 • 1319 • 3164 
056 -• 3946 4. 258 • 4065 • 1:13 • 3466 
057 l- 223Ł-03 -7. 1238-03 • 2062 • 20259 • 2051 
058 

ЛЕ 
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32 -И.49БЕ 4.4278 Н.Е Bas ה‎ 
PEE чу" 4,4050 a.d ₪, 38 4 
5 -CB.zuu?d Ф. SOE ה‎ Hors ceed 
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1 EI 4.474 р VERE 4.2161 
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ELO: STATIC CALIB» «+. 15 MAY 1977 
READY 

SCAN 

š сн. 0 сн. 1 сн. 
006 - 3 1.242Е-03 —.2049 
007 -. 6034 1.223Е-03 .2053 
008 -• 5001 1.232Е-03 2059 
009  -- 4000 l+223E-03 + 2048 
010 -.3018 1.223E-03 +2052 
011 -.1968 1• 223Е-03 .2059 
012 -9.770Е-02 1.223Е-03 2.2056 
013 -1.495E-03 1•223Е-03 «2058 
014 9.Ч870Е-02 1.223Е-023 .2064 
ПИ .2001 le 223E-03 .2057 
016 3019 1. 223Е-03 +2054 
017 .4006 1.223Е-03 .2059 
018  +5020 1223E-03 “2063 
019 . 6039 1. 223Е-03 .2062 
а «7003 1. 194Е-03 • 2063 
021 . 8043 1. 194Е-03 • 2065 
022 .9034 1. 137Е- ОЗ  +2069 
023 1۰ 002 1. 099Е-03 | •2067 
024 18100 1.070E-03 +2063 
005 1.203 5.264Е-04 ` • 2063 
026 1. 300 7. 648Е-04 .2064 
027 1.403 1. 450Е-04 • 2062 
028  7+362E-04  S»836E-04  +2071 
029 
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6 
READY 
SCAN 
j сн. 0 сн. 1 сн. 2 CH+ 3 СН. 4 
037 -.5973 4. 392 • 50 60 6. 8 68E-02 .3980 
038 -. 4986 4. 291 . 4536 9. 063Е-02 .3675 
-A39 — 3926 ову AA 16 66———— -— «23455 
040 -. 3979 4. 387 . 4081 • 1065 . 3462 
041 -.2990 4.243 • 3514 • 1210 . 3262 
042 -.1966 4.240 . 3044 „1291 . 3157 
043 -9.740Е-02 д4. 402 „2611 . 1319 • 3118 
044 1+6232E-03 4-399 . 2077 • 1342 · 3091 
045 +1015 4. 387 • 1597 «1338 . 309 2 
046 +2002 4. 487 ‚ 1081 . 1307 . 3126 
047 + 3000 д. ддд 5.973Е-02 · 1263 «3178 
048 • 4007 . 4.481 1.063Е-02 • 1177 . 3302 
049 • 4954 4» 459 - 3. 304E-02 +1064 . 3467 
050 +6015 4. 471 -8.295Е-02  9.153Е-02 • 3675 
051 +7004 д. 454 -. 1296 7• 331Е-02  .3206 
052 +8007 4. 497 -. 1739 3.828Е-02 • 4381 
053 +9008 4. 451 -. 2074 -1.848E-02  +5215 
054 1.000 4. 465 -. 2376 -. 1050 . 6442 
055 1-102 4. 438 -. 2523 -. 1958 . 7757 
056 1-201 4. 457 -. 2647 -. 2884 „2032 
057 0 4. 353 -. 2516 -. 3563 I 
ЕР 1.200 4. 339 -. 2289 - 4160 1-093 
059 • 5984 д. 422 -7.739Е-02 9.221Е-02 ‘3640 
060 +4007 4. 496 1.222Е-02 .1171 · 3314 
061 «2002 4. 411 «1137 · 1318 · 3116 
062 1.223Е-03 4.386 „2046 1341 · 3091 
063 -.1967 4. 255 • 3059 • 1302 - 3143 
064 -. 3979 4. 351 «4101 «1073 ‚ 3477 
065 1.223Е-03 4.329 . 2091 • 1354 « 307 1 
066 


79 





TABLE XVII 


РЕН МЕ: 5 


eo 
па 
ҮЗ 
ol 
م‎ 


iit 
Ti! 
>= 


өсе КЕ 
£i or 


БР 
€ 
u 
434 
— 
+ 3 > 
₪ 
13 i 
ו‎ 
аспа 
וו‎ a7 
5 


Bee הת‎ 


КОМ # CHE МЕЦ Нг СН LH: 
} 8.0812 3.8813 a a. 2534 в. 28:24 
A S 4.2328 A, 8 й. бюст 4,3338 
EN E ius ums n лк а. аза: E uro 
DEUS SAO De MO .ה‎ 4tasi 4, 1555 E. A 
A ahi 3.2428 ЕЕ uu. d ID l 5 
CE я 4.24380 8.2944 ₪, Па 
p ra 4. H a il i ae И, 511 
= 8.012 4, 33990 E 8, зна] 
Я Ba +. ו שקב‎ Ба ו‎ E 
H Н.В: $a FITE Me Lest 8.135“ Dee lee 
| A. SAAE 4.9448 Bat ה‎ Era 
= Ha FEE 4. 1218 А ИЕ В СЕ 
5 й. Ф994 4.34338 uL res A. 10084 0.340 
3 а, 5815 sb 3 - 8 3.5 8. 387 
A, POE 4 ШІ 2 au 
= 4 כ‎ я. + 
Al - 
4 


= 
r 

! ש‎ 
m 
ix 


1 רד 
Е‏ 


i 
4 


| 

1 

| 

| e 

1 D Й 

i A, PEE 454 IE BSS ЗЕ 

le ОВ, БНА? 49768 -П,1729 9.8233 1.435 

Іг GDS $510  -В, 2974 —-8.0125 1.2212 
ща 1.206 הבסך.‎ Ее ны 1, 
Па 1. 1928 $. 4388 -H.2923 = etree 
eh o u. Szenen -9. 2854 טג ה‎ 
= מטטב.ן‎ He sr) | ia) 2005560 і. Вг 
E 1.45880 4,2296 я -й. 4158 а а ЈН 
ב" כל‎ 4+, 4228 EE 2 ,ה‎ 8 
24 8.4807 4.4968 3.0122 ה‎ 4.3314 
E в, сана 4.4118 Hep 3. 3 ו‎ 
Pe): 4. 3566 4. ¿de B. 134l 6, 3051 
E 4, 2330 d. 2025 SP е ₪, 
EN sms 4.5218 8.4181 Е קורה‎ 
et | ₪ a. dior 3.2015 Не! Е 


on 
гг: 
K 
+-2 
“ті 
— 
-Tı 
к-- я 
ag ри 
U 
— тү 
га 

ti 
ti 
— s 


ANS 


+ 
Kl; 
ZUM 


| 18 








TABLE XVIII 


HW 51802, 0= 30 РЅЕ 

9 

REALY 

SCAN 

# СН» СН» СН». 2 СН, 3 СН» 
067 -.5947 3.242 ‚ 4246 • 1060 • 3440 
068 • 4963 3• 207 • 3883 • 1210 223413 
069 -. 3978 3.184 • 3526 • 1345 . 3047 
070 -.9992 3.238 • 3145 • 1423 • 29 38 
07 1 -. 1967 3. 178 • 27 54 . 1495 • 28 33 
072 -9.757Е-02 3.214 • 2429 • 1529 • 2785 
07 3 1» 165Е-03 З, 254 • 2075 • 1546 220755 
074 • 1015 3» 182 • 1699 • 1553 • 27 47 
07 5 • 2002 3° 288 «1312 1925 • 27 87 
07 6 . 0991 3• 285 9.601Е- 02 • 1482 . 2849 
07 7 • 4005 3.289 6» 402Е-02 • 1415 • 29 34 
078 • 5008 3• 293 2. 37 4Е- 02 • 1330 • 3957 
079 • 5984 3• 320 -9.879E-03 • 1228 • 3207 
080 • 7005 3. 288 - 4. 445Е- 02 • 1079 . 3419 
081 • 7994 3 256 -7.0 17 0 0% 0 60- • 37 61 
08 2 ‚ 9038 3. 309 -. 1009 З 514Е= 0а . 4397 
08 3 1.003 3.294 -. 1202 -2. 544Е- 02 . 5317 
ова 1. 099 3.240 - • 1308 - 7 Оп вео • 6225 
055 1.201 3• 221 >. 1322 = 15441 „7141 
08 6 |. 298 3.240 =- 1326 =. 211! 25002 
08 7 1. 400 3• 259 -. 1259 “> 2646 . 8783 
088 • 5982 3• 3718 = ТОЛЕ ОЗ • 1229 • 3214 
089 • 4007 3.272 6» 359 E- O2 » 1426 • 29 39 
Q2 0 • 2002 3. 320 • 1370 • 1519 • 2826 
09 1 1-203Е-03 3» 309 • 2078 . 1539 ‚ 2793 
092 -. 1966 3• 294 • 2797 » 1490 • 28 63 
093 -. 3979 3.260 . 3575 . 1308 • 307 2 
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READY 
SCAN 
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(96 -.4962 2.194 . 3356 ‚ 1503 „2796 
(97 -.3979 2. 230 „3149 . 1570 . 2719 
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TABLE XII 


18 МАҮ 1977 WIND OFF BALANCE READINGS 1500 


85 


8 
REA DY 
SCAN 
$ CH. 0 | СН» 1 СН. 2 СН» 3 CHe 
00 6 1. 223F=-03 15 22ЗЕ=ОЗ „2010 • 2019 2032 
007 7.6006 1. 2288509 • 2014 • 2015 • 2038 
008 -. 4986 2-3 • 2012 • 2015 . 2034 
009 -. 3997 1. 2237.03 • 2014 • 2017 • 2041 
ОО - 2987 le 223E-03 • 2016 . 2016 • 2054 
011 -. 1995 | 223Е-03 • 2019 • 2020 • 2034 
Пе =9.728Е-02г 1... 03 • 2022 • 2023 • 2042 
013 272238203 1, 22ЗЕ-03 • 2026 • 2028 • 2031 
014 • 1016 [73 • 2019 • 2029 • 2030 
015 • 2001 1. 03 • 2019 • 2035 • 2020 
016 • 299 2 1. 3 • 2030 • 2042 • 2025 
017 • 4007 је везеноз „2021 • 2045 • 2022 
018 . 499 4 | ב כ‎ . 2030 22052 • 2017 
019 • 6021 1. 3 • 2032 • 2059 • 2024 
020 . 7003 1» 080Е-ОЗ • 2025 • 2062 » 2017 
021 . 7998 1.242Е-ОЗ • 2028 • 2068 . 2005 
022 . 9009 1. 28GE203 • 2033 • 2077 • 2001 
023 1•000 1. 3 • 2026 • 2086 • 2007 
Ога 1• 100 1- 25172203 • 2030 • 2095 . 1990 
025 l. 201 l e 4O4E- 03 • 2035 • 2107 • 1977 
026 1 • 300 | . 299 Е- 03 „2023 seu 21279 
027 1.400 1 395503 • 2028 • 2124 з 1964 
028 • 5982 1. 289E-03 • 2034 • 2059 • 2011 
Пи are Br a روو .و ون‎ 
030 • 4006 1» 337Е-ОЗ • 2031 • 2048 • 2020 
031 • 2001 1» 337Е- ОЗ • 2027 • 20 39 • 2023 
032 1«223E-03 1+ 2998-03 • 2029 • 2033 | 2027 
033 -»1967 1. 337Е-03 • 2024 • 2025 • 2025 
034 -• 3977 1 537 Е- O03 • 2017 » 2027 • 2030 
035 РО ЗЕ ЕТСІЗ 1. 308Е-03 • 2035 • 2934 • 2034 
036 
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TABLE XXIV 


КОМ O52602 ОМ 26 МАҮ 1977 


HATE PLUS FAIRING (YING OFF) 
NOMINAL Ос 40 PSF 


> SCAN 
#- сн. о сн. 1. CH. 2, CH. 3 Cd» 4 


064 0122 . 0158 0079 • 0042 «0012 
065 • 0122 4. 475 = • 0024 • 0235 • 0418 
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07 3 ‚ 99 |2 4. 373 -.0042 -.0290 • 0458 
07 4 г. 005 4. 383 -.0044 -.0334 • 0465 
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079 6.984 4.383 -.006е -.0539 • 0624 
080 7.998 4» 330 -:0059 -.0572 • 0641 
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me 23-970 4. 367 -+.0013 -.0046 • 0273 
ОЭ; • 0122 4. 346 -.0016 - • 0234 «0412 
034 «0122 • 0203 • 0065 • 0920 "QUIE 


і 


97 





- 


+ 


₪ - 


гг 


Pa 


v 
5 


4 гі; Ед <- it 
p. ғ. uf pe 
= к с 


im 
u 


_ 


i | 
1 
e E 


- - 
pan . 


e 


Sur € d 
5 


EL: 


--- 
- 


~ 


¡ak ro 


A NES 
ta d 


а A 


5 


u 
= 


m 
=! 
מ‎ 


تز الو سم ةق لسم de мы і---‏ سسس .ا 
е‏ 


ғ 
к 


ғ . 
жағар 
E 


[o 


та 
[o e — + 


а 


од о: 


таи рай 
: 


Pad [а {Í 


0 4 ға? 


i 
₪ 5 


| 


5 = הי 
QE i= doo:‏ 


i 
f 3d ot 
-- 
- 


АҒ” 
וו‎ 


ЕЁ 


f 
4 


a 
p 4 
em. 
וו‎ 


TABLE XXV 


Е 
= 
T 


1 
pa 


= 
ШНЕК 
к 
ЕЕЕ 
Bat i 
i 
EN 
€ 
— 
ЕЕ 
$ 
E CE 
КЕ € 
а 
a 
-- 
a 
3 
a 


Sa ра 
АҒЫ 


СЕНИ 

СНЫ E „На CH: CHa 
ales ה‎ а даа g Bad EE 
AA 2.4578 ا“‎ Aa, 4014 а Па 
Attn ta Я. ЧАТЫ =. Е 8.4 a. de 
שש‎ 4. dca = B. pda a pL 
acini +, 2966 -B,dglc ו‎ Е 
.اس 4188 .3 ה ביכ בי‎ 4, 4145 E DEE 
BEE | 4, ag 38 -п ана? 4,4194 E, ss 
Bic 4.4355 E ел ann! 4.9441 
un 4.730 ו שר‎ "bis ROSE .ا‎ 
aus Sb. S es و“‎ 4 8 0.9405 
sd 4. 4415 -8. 8051 כ‎ Ая, 51 
ната 3,4118 1.325 “A dz Я. 9244 
9998 4.4090 “а. бй “Hl, AS Sis 0.2 
БІЗШЕ али и МАЈ “i, HS SS 4, пози 
чы 4. 2536 .ا“‎ л E 
3 4. 3808 + Е ау 1 
3n ob ат БНР 

ut 


pend 
יו‎ 


qm. ست‎ 


а Стр в ו‎ 
ai 
i 
б 
ו ו‎ + 
5 
BE 
є 
а 


{ 
= 
"EZ. 
Eust 
E =. (ee 
iu: 
- 2 
И | 
a 
ПЕВА] 


Blige 5 “Ki, BAe כ‎ Тары 
яна 4,4058 Ball. “A. Ae 3 3E 
ane 3. 318 Е ри d Mu EH I 
озын R ~N, BHT -₪ ГЕЯ B. d d 
acm job שסטט.ה-‎ “4, 8 Ese 
2nd + фага -B8, adaz -B, n4 563 ia 
quen 4,338 -й, 43 - 3, 8411 a 
A 4,2438 -A HEE - 8 4 
SEES 4.4270 ИЕ SI а 8.13 
בבר‎ 4, 3444 ӘНШІ - 132 В. Моди 
y 0t 4, 3678 -49, 481. A, dde а, Вага 
al В. 12195 а. удео а. ован я. Вита 
E: Ви qc REDE TEL d m 


88 





HUNY 052603 
PLATE PLUS 
NOAINAL Q= 
Ө 

> 5САМ 

СН» 0‏ # 
0122« 075 
ו 096 
7258765 
1 - 098 
3:983 =- -023 
2.979- 100 
1.984- 101 
9658.- 102 
0122 103 
9327« 104 
2.011 10.5 
2.999 106 
3.988 107 
5.002 108 
5.994 109 
6-988 110 
8•002 111 
8.997 112 
10-01 113 
11.00 114 
12,00 115 
13•00 116 
13•98 117 
5.994 118 
3.988 119 
1.982 120 
0122 • 1 12 
1.984- 122 
232 <3-=/ כן 
0122« 124 
0122« 125 
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СН» | 


• 0187 
3. 249 
3.228 
З 293 
3• 210 
3. 263 
3• 282 
3.236 
3• 287 
3. 325 
З. 244 
З. 24] 
3? 198 
3. 272 
3• 246 
3• 224 
3.235 
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ON 26 MAY 1977 
FAIRING (WING OFF) 
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TABLE XXVITI 


ON 26 MAY 1977‏ 052601 את 
PLATE PLUS FAIRING (WING OFF)‏ 
NOMINAL Q= 20 FSF‏ 


ge 

> SCAN 

# CH. 0 Ся. 1 СН. 2 
088 «0122 «0124 • 0067 · 
034 «0122 2.175 «0012 
035 -5.974 2•176 •0012 
036 -4.984 2. 132 • 0013 
03728-732335 2.207 • 0013 
038 72-982 2. 18 6 «0012 
039 -1.992 2.175 «0016 
040 5 688 2•184 „•0014 
041 «0122 2. 187 «0012 
042 ©9910 2.167 «0016 
043 2.006 2.154 • 0015 
044 2.994 2.191 • 0019 
045 3.984 2.171 . 9 
04 6 4-998 2% 4 . 1 
047 5.990 2.142 • 0016 
048 6-984 2• 184 • 0018 
049 7.998 2.152 «0021 
050 9.002 2.163 • 0013 
051 10.01 2.182 • 0016 
052 10.99 2• 178 «0014 
053 1 0 2.165 «0014 
054 12.99 2.162 ©0013 
055 13:98 2. 195 • 0012 
056 5.991 2. 189 • 0015 
057 3.985 2.143 « 0022 
058 1.977 2.163 • 0020 
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061 -3.993 2. 183 ©0017 
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«0312 
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• 0354 
«0372 
• 039 0: 
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TABLE ХХХ 


1620 Оу 26 мау 
ee STATIC 


1277 


WEIGHT TAnkbs WINL-Crre.. 


ee PLATE FLUS FAIRING (CWING= OFF) 


8 
> SCAN 
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004 
005 - 
006 - 
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008 - 
009 - 
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011. - 
012 
013 
014 
015 
016 
017 
018 
019 
020 
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КОМ 052703 


PLATE PLUS 
NOMINAL Q= 
509 

> 5СМА 

7 CH. 0 
09 2 «0122 
09 3 «0122 
094 -5.948 
095 -4.962 
096 -3.962 
097 -2.956 
098 -1.960 
099 -.9533 
100 «0122 
101 1.015 
102 2.002 
103 3-022 
104 4-010 
105 5.026 
106 6.016 
107 7.010 
108 8.022 
109 9.013 
110 10-03 
111 11.02 
112 12.02 
113 13.01 
114 14.01 
115 6. 018 
116 4.011 
117 2.017 
118 «0122 
119 ,-1.961 
120 -3.978 
121 «0122 
122 


«0122 


XXXII 


ON 27 MAY 1977 
FAIRING AND WING 
40 PSF 

“СҢ. 1: СН. 2 

• 2229 • 0052 
41• 02 • 0066 
39. 55 • 3915 
39.89 • 2561 
39. 56 • 2026 
40• 23 • 1487 
40•13 e 1031 
39.97 • 0552 
40. 69 • 0079 
40.79 -.0392 
40.86" -.0925 
40.82 =o 1424 
40.68 -+ 187 2 
40.96 =. 2393 
41]. 27 -- 0 
40.85 "+. 3339 
40.98 -.3756 
41.47 ".4239 
40:86 -.4517 
4088 -.4762 
40.59 -.4874 
40.00 -. 4844 
40-23 -.4834 
41.15 -.2862 
40.56 -. 1875 
Als 01 - . 089 4 
41• 27  •0119 
40-10 • 1073 
40• 59 « 2092 
40217 » 0089 
«28611 «0012 
95 


СН» 3 


• 0063 


-. 0462 


• 0254 
• 0120 
• 0005 


-. 0134 
-. 0234 
=> 0353 
-. 0455 
-. 0530 
- (057. 3 
- «0607 
>=• 0635 
-. 0645 
-. 0658 
-. 4 
- |+ 08 58 
= 1228 
та 1500 
“е 2431 
- o 309 6 
те 37 67 
-. 4371 
-. 0 
- + 0629 
-.0573 
-. 0449. 
-. 0022 ] 


• 0006 


-. 9 


• 0057 


Сн. 4 


• 0019 
• 0800 
• 0649 
• 0615 
«0620 
• 0656 
• 0662 
• 0723 
• 0798 
• 08 39 
. 0905 
• 0978 
• 1075 
• 1175 
• 1320 
• 1533 
• 1891 
• 2630 
• 3664 
« 4788 
• 59 28 
. 7027 
„8013 
• 1341 
• 1084 
• 0920 
• 0803 
• 0674 
• 0636 
• 0792 
• 0012 
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טן‎ 2, НАСА Фй, СЕВЕ ПОЯ s B. вена 
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2 4.6156 44, R258 -ü. 1872 -B. 0635 H. 1875 
| TD 44. S508 pcd - 1, 645 оп пан 
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]z Lik, Bie 4. S508 -H,4517 =i, 1 Shu HM, seed 
13 (1,8206. 4h, sone “H.4762 -И.2431 В. 4750 
CAE |. 8 4d, 5288 4,4374 ае Se Ше прасета 
DE ре. ПЕША за, ваня -H. 4544 E E HW. Pee? 
ee 14,8180 46. 2308 4,4334 и Ido cage 
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24 — 4.8110 НА. БЕРЕ ИЕ а ДИ S 23 2.1824 
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Ec. wed 214, 2200 a 1. BBB E 
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וו 
PLATE PLUS FAIRING AND WING‏ 
NOMINAL d= 30 PSF‏ 


9 


> SCAN 
$ CHe O 
. 061 «0122 
062 .0122 
063 - 5.948 
064 -4.962 
065 - 15 
066 722955 
067 - 0 
068 -.9538 
069 «0122 
070 «9997 
07 1 2• 005 
072 3• 023 
07 3 4. 009 
07 4 5.027 
07 5 6. 017 
076 7-008 
‚ 077 .8•022 
078 9.012 
079 10. 02 
08 0 11.02 
081 12.02 
06 2 1 1 
08 3 14•01 
08 4 6-017 
085 4,010 
086 2• 005 
087 • 0122 
088 -1.962 
089 -3.979 
090 «0122 
O9 1 • 0122 


TABLE XXXIV 


сн. 1 


. 1835 ` 


30.97 
30. 15 
30.89 
30. 30 
30» 68 
30» 39 
30-53 
30.73 
30 • 59 
30 • 60 
30-75 
30376 
30.87 
30.97 
30,78 
30•75 
30• 62 
30. 58 
30» 55 
30• 57 
30.12 
30. 45 
30.54 
30.90 
30. 40 
30.75, 
30.73 
30.36 
30% 1 
« 2240 


ON 27 MAY 1977 


Сн, 2 


• 0046 


• 0032 
• 2277 
| 19 65 
• 1549 
• 1170 
• 07 58 
• 0419 
• 0040 
• 0322 


• 1106 
• 1475 


• 1829 


• 2232 
• 2520 
• 2893 
• 3134 
. 3399 
-3563 
• 3670 
• 3631 
• 3683 
+ 2189 
• 1449 
° 0647 
• 0052 
. 0821 
• 1579 
• 0064 
• 0038 


Зад 


7.0049 


-. 0343 
• 0270 
• 0132 
• 0036 

-. 7 

-. 1 

- .6 

-. 3 

-. 

- 1 

-. 0516 

-. 0540 

-• 0569 

-. 0573 


-. 0639 


-. 0808 
- 8 1083 
-. 1531 
-. 2017 
-• 2554 
= • 3036 
>. 3531 
- . 0563 
=. 0522 
-. 0458 
=• 0335 
= + 0144 

• 0044 
-. 0326 

• 0054 


Сн. 3. 


СН. `4 


. 0012 
• 0608 
. 0449 
• 0468 
‚ 0442 
• 0455 
• 0504 
• 0548 
• 0612 
• 0664 
• 0718 
• 07 68 
• 0843 
• 0945 
• 1055 


- » 1252 


• 1600 
• 2096 
• 2906 


• 37 54 


• 4665 
• 5426 
• 6267 


_ • 1059 


• 0851 
• 0725 
• 0619 
• 0513 
• 0604 
• 0014 
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TABLE XXXV 


A A E 

Rb d НЕ CHI СНЕ 3 БІНЕ 
1 ПЕ ШЕЕ аа B. Edd a. gg a. 812 
m ecu, i dbi ו .שב‎ г В. Вст GELE 
a ALGA oa, ESE O 2 о Fi. ВУЗ 
4 -32,5450 iB. пана 8, 1543 Ба ЈЕ .ה‎ 
u EE 2. 0.1170 SS ae кї, 5 
Ç -1, S644 а. ВУНЕ ₪. Rae -₪.. 1 Id, Ber 
ы ,ור‎ 3.8 B, da 1 3 -4, 0246 d. gu 
5 Eo eT ss ӘН. ҮЗІ Е. ВИ - 3 ЯН. НЕТ: 
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Щи 5.0178 звати ` AS П. 1855 
is “аза 2.78 ЕН כ כ ו‎ Elie. ae 
15 3.0220 3.75868 -4, 2393 ЗЕ ЗЕРЕ 0 ₪8 
| UT За. Брани Я Ааа ₪. епос 
іш Le. 8 38, 5888 הר‎ Sut ה‎ ӘНЕ 
ЕЯ ו‎ Hi Zn. DE CEPIT ג‎ 20784 
لات‎ lc. eon зн. гай Tri 8.2924 sr: 
UEP ат e 28. 8 e ae ee 
Ex le РАНЕ 26. 43588 Ее | 5 
8 E. MITE ча. здий En Eum а 
EN ЕВИ SUEDE IE Ec d. dem 
eo 2.0059 — 38.4080 DUET | - 58 0.5 
Ще וה‎ 20 . 8 MH. Wwe ככ כ הכה‎ My Wes 
ПАН Фрей За. РЗИВ Hangi “A, MIHA И 
Da TI 24.3506 כ‎ 4.0044 A, Ges 
pi Hales 1,2240 Н.В Е E, 4 8.34 

ІНІ % eras ЕЕ ЕЕ SS 
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TABLE XXXVI 


RUN 052701 ON 27 MAY 1977 
FLATE PLUS FAIRING AND WING 
NOMINAL @= 20 PSF 


2 

> SCAN 

+ CH» 0 
030 •0122 
031 • 0123 
032 -5.961 
033 -4»963 
034 -3.967 
035 -2.956 
ОЗЕРУ 761 
037 -.9538 
038 • 0122 
039 1.015 
040 2-002 
041 3• 021 
042 4• 009 
043 5.025 
044 6•017 
045 7.032 
046 8,021 
047 9-012 
046 10-01 
049 11.02 
050 10.02 
051 13.01 
052 14.01 
053 6• 017 
054 4• 010 
055 2. 002 
056 «0122 
057 - 1.961 
058 -3.979 
059 . 
060 «0122 


СН, 1 


: 1477 
20,24 
20.21 
20-04 
19-91 
19. 63 
20-04 
19.91 
20.10 
19.88 
20,13 
20•07 
20• 15 
20.02 
20• 20 
19•97 
20• 15 
20,05 
19.72 
19.92 
19.74 
19.83 
19.63 
20. 03 
20.31 
19. 82 
20,30 
20,10 
19.93 
20• 08 
• 1900 


сн. а 


“0041 
40118 
. 1608 
• 1348 
41118 
‚ 0833 
• 0585 
. 0354 


-• 0149 
- . 0407 
-. 1 
- |+ 08 57 
-.1150 
= • 1395 
=• 1621 
-. 1814 
=. 2031 
-. 2152 
-. 2296 
-. 2334 
=> 2305 
=. = 325 
-. 1401 
-. 0886 
-. 0391 


• 0068 
• 0669 
„1154 
• 0103 
• 0043 


99 


CH: S8 


° 0038 


- 0195 


. 0324 
• 0211 
• 01 29 
• 0031 


=. 0024 
-. 0115 
-. 0205 
-. 0286 
=. 0342 
= • 0389 
-• 0442 
-. 046! 
-. 0503 
-. 0550 
-. 0675 
-. 0906 
>. 1222 
-. 1559 
=. 1913 
-. 2282 
=. 2573 
- . 0477 
-. 0422 
-« 0323 
-+0197 
-. 0005 


• 0138 


-. 0200 


• 0048 


Gren 4 


• 0024 
• 0430 
• 0246 
20252 
• 0285 
• 0315 
• 0367 
• 0422 
• 0465 
20513 
• 0584 
• 0655 
• 0713 
• 0810 
«0927 
• 1160 
| 1575 
• 2103 
• 2678 
• 3256 
• 38 48 
• 4277 
» 07 87 
• 0654 
• 0509 
• 0425 
«0301 
• 0230 
• 0431 
• 0022 





TABLE XXXVII 


ино: sral 


ЕТЕ: САН a Hz EL она 
1 а, 8122 До Таи 4.0041 з, Ваза а, 2824 
2 —-—3. 9615 SH. zT Eb Й. ЕЙ B, 324 Я. НЕЕ 
A = EDE га, لالا‎ B. i345 4.4211 opm 
4 0-2, Inh le E HW. ite a Wie רכה‎ = 
а EL j i ni BH, Bax н, наз | כ‎ 
iom], e ib 20.8 HESS - 4 Er 
PAL ADA ta АИ И. 4 -=(4,4115 EE 
= а = zd. tig а. вая בת הו‎ Я. 4202 
5 Ше БЕН ІЗ У -й. 143 My WSS ₪. 

LE 2. ששט‎ ck, i See -. 8467 -₪ ade ₪ ה רו‎ 
Hi E ce. By ees - 4,4031 = כ‎ MW, AS 
| = 4, вази ШІЛ, КЕШІ zZ ~ 1, 2442 0. E im 
D ה 8 .₪ כ לה‎ 8. 1 les 
14 ны 2. ב פס‎ “HH, AS ₪ 
ie: ] E i. db ~. іс] СИИИ Denke; 
| ₪ | 8 -., 4 ב‎ 4,1160 
ТЕ ИА a, et ~My ASE а я 
|) מה רו‎ | гени er ה‎ 4, 21983 
Е, ELA 1 “М, ЗЕ כ‎ ₪. ₪ 
эн je, bene 19, чая -B.c324 at. Mean 
ENS. b ра, шаны А а כו .₪ ت“‎ 
та 14.6186 13.6368 ах E Aber er 
с Б.н eG НИС sü ID А. ur 
24 1.1 cH. 3188 -ka ARTE .ה-‎ 4 B, ens 
EE. ES 17.5200 9.4331 ll B. ando 
СЕ Е сн. сай 0 , НЕ Sa a ה‎ 
er -1.9618 — ¿0,1008 И, бев ЕВА 0.3 ב‎ 
cis – 4. 9738 La 0. 34 BIS ₪. ЕЗЙ 
=> и. й122 A, ¿SEA A aaga ki. WSS Я. НИЕ 
ЕКІН + 22781 ІНІН іс STORED IH FILER = 





TABLE XXXVIII 


WEIGHT TARE» e e PLATE 
27 MAY 1977 AT 1620 


we 

> SCAN 

¥ CAS O СН» 1 
001 • 0124 • 1410 
002 - 5.949 • 1404 
СОЗ -4.959 • 1383 
004 -3.943 • 1418 
005 -2.951 • 1419 
006 -1.961 • 1438 
007 -.9545 .1456 
008 «0122 • 1435 
009 1.016 • 1436 
010 2• 003 . 1457 
011 3. 022 • 1456 
012 4-010 • 1467 
013 4.996 • 1446 
014 в. 017 • 1411 
9r 7• 008 • 1443 
016 8.022 • 1433 
017 9-028 • 1434 
018 10.03 • 1456 
019 11.02 • 1476 
020 12.01 • 1492 
021 13-00 • 1485 
022 14-01 • 1496 
023 6. 017 • 1483 
024 4• 009 21484 
025 2• 002 • 1501 
026 «0122 • 1488 
027 -1.960 • 1543 
028 -3.977 «15952 
022 «0122 • 1497 


сн. 2 


• 0036 
• 0038 
•0033 
• 0035 
• 0033 
«0047 
• 0042 
• 0049 
• 0052 
• 0047 
• 0046 
• 0045 
• 0046 
• 0041 
• 0039 
• 0045 
• 0040 
• 0044 
• 0042 
• 0046 
«0042 
• 0044 
• 0041 
•0053 


• 0045 


• 0057 
• 0055 
• 0048 
• 0050 


А 


PLUS FAIRING AND 


. СН. 3 


!- 1 


• 0025 
• 0408 
• 0346 
• 0278 
• 0212 
• 0160 
• 0102 


\ ©0038 


0012 
• 0043 
• 0103 
• 0171 
• 0228 
• 0287 
• 0352 
20402 
• 0464 
• 0517 
• 0574 
• 0627 
• 0682 
• 07 36 
• 0281 


° 01 66% 


» 0035 
• 0045 
: 0165 
• 0298 
• 0045 


WING 


СН. 4 


• 0038 
• 0132 
• 0140 
. 0099 
• 0056 
• 0006 
• 0012 
• 0039 
• 0962 
SOLLI 
• 0165 
• 0208 
• 0245 
• 0285 
• 0316 
• 0364 
• 0391 
• 0436 
• 0476 
• 0516 
• 0540 
• 0578 
• 0281 
• 0205 
• 0111 
• 0015 


- • 0012 


• 0108 
• 0024 
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г -H. "545 Я. 1496 8.842 MH Wine B. dlc‏ 
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AgI 4,6111‏ .ה - 7 ій 2.8 й. 1ч Aa,‏ 
B. eade 0.183 ler. em‏ 13456{ .ה 3.4220 Ji‏ 
El. Чек a, as =Ë. 83171 А „ва‏ 4,0106 12 
Wess B. Sed‏ 4“ .ה 1446 .8 99650 .4 13 
Б. ІТ EE 3 4,4041 ME [а ІШ Шаа‏ 14 
A, Base Ala‏ - כב 14413 l POEM B.‏ 
и. ЁСЕ‏ و 2845 .3 4.1433 Е. Ера иа Е‏ | 
Le I OSHE 4,1434 B. gat 4,440) 4.0391‏ 
ja 140,035 4,1435 4,0444 -A ASIT Н.Е‏ 
ШІ мены H. 134 r 4,442 A! 8. 894 75‏ 
ei te. bie ы. 1432 BH. bode) Нее 3. Баје‏ 
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B. 30841 “4, 42031 H. Assi‏ 1.1455 8178 .2 23 
ЙЗ 0. 43 A. HUTS -H | БЕ я, вена‏ ,4 24 
i =. 182 t DEED а. 8845 mM, Wess |‏ 
а. 8815‏ 5 ה A Hoe‏ .ה ZE EM‏ 
2r -і,. ЗЕЙ 1, 15423 A. BSS м. НЕ - 1‏ 
2o 778 I MW, Beds а a “ld. Lets‏ 
в. ваза‏ 2.0845 .ה 1497 eae cil а,‏ 
РОН $ Serr? E ES KF‏ 
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